Introduction
The following 12 musculoskeletal magnetic resonance imaging (MRI) cases were previously presented to Canadian Association of Radiologists Journal readers in an unknown case format. These 12 cases focus on sportsmedicine injuries, which can be seen in any MRI practice. All images were acquired on 1.5 Tesla clinical MRI scanners. For those readers who may wish to review this article in a case-by case fashion, please feel free to skip over this abstract. A brief description of the presented cases is as follows:
Case 1: A professional football player injured during a tackle suffers a full-thickness myotendinous tear of supraspinatus. Differentiating this injury from typical rotator cuff tendon tears is crucial.
Case 2: A professional football player suffers a strain injury to the central fibres of subscapularis. This unusual injury is used to highlight muscle strains and the multipennate structure of subscapularis.
Case 3: A young male with displaced greater tuberosity fracture of the humerus after a fall on the shoulder. Although this has historically been considered an avulsion injury, perhaps it is more correct to consider this case as a subacromial impaction fracture.
Case 4: A young male with noncompressive oedema of supraspinatus and infraspinatus. The diagnosis of brachial plexus neuritis, also known as Parsonage Turner syndrome is discussed, highlighting denervation oedema and muscle distribution.
Case 5: A 57-year-old female with labral tear, paralabral cyst, and denervation oedema of infraspinatus. Paralabral cysts and potential denervation injury from compression are presented.
Case 6: A male patient with knee pain and a flap tear of the medial meniscus. MRI findings of meniscal flap tears and their surgical implications are discussed.
Case 7: A runner with lateral knee pain from iliotibial tract friction syndrome. Although commonly a clinical diagnosis, imaging is not usually obtained. The MRI findings of this disorder are presented.
Case 8: A young male with twisting injury and lateral patellar dislocation with osteochondral injuries. This case is presented, focusing on differentiation from anterior cruciate ligament (ACL) injury.
Case 9: A young female with ACL and anteroinferior popliteomeniscal fascicle tears. The significance of the popliteomeniscal fascicles, particularly related to ACL injury, is highlighted.
Case 10: Patellar tendon lateral femoral condyle pat pad impingement syndrome is presented as an unusual cause of anterior knee pain. Discussion focuses on significance of signal change in the regional fat.
Case 11: Strain of the medial head of gastrocnemius, also known as tennis leg, is presented as a cause of pain in a 53-year-old female.
Case 12: Three different accessory muscles of the ankle: flexor digitorum accessorius longus, peroneus quartus, and accessory soleus. Discussion focuses on identification and potential clinical impact of these accessory muscles.
Case 1 History
A 37-year-old male professional football player was injured during a tackle. He presented for magnetic resonance imaging (MRI) (Figure 1 ) with shoulder pain and decreased function 3 weeks after the initial injury.
Case 1 Diagnosis
Full-thickness myotendinous junction tear supraspinatus.
Case 1 Discussion
Although a rotator cuff injury is a common clinical and imaging finding, these usually occur with pre-existing tendon abnormality, such as ischemia or impingement [1] . True traumatic tears of the rotator cuff are infrequent, usually seen in younger patients with no pre-existing shoulder symptomatology, a significant injury, such as fall onto an outstretched hand, and pain immediately at the time of injury [1] . In a study of 24 patients with suspected acute rotator cuff injuries, Zanetti et al [1] found that 9 patients had nondisplaced greater tuberosity fractures, with 14 patients with supraspinatus lesions, 13 with subscapularis lesions, and A fluid-filled gap is seen at the torn myotendinous junction of supraspinatus (grey arrow), with intact supraspinatus tendon at insertion to the greater tuberosity and retracted muscle belly (white arrows). A sagittal image confirms the fluid-and debris-filled gap (grey arrows), with a normal long head of the biceps tendon (LH) and subscapularis (SS) also visualized. Figure 2 . Sagittal oblique T2-weighted (TE 95.0 ms, TR 3890.0 ms) (A) and axial multi-echo data image combination (MEDIC) (TE 23 ms, TR 856 ms) (B) MRI images through the right shoulder. Anatomic structures of the deltoid (D), supraspinatus (SSp), infraspinatus (IS), teres minor (TM), and subscapulatis (SSc) are presented. A low-grade myotendinous tear of the subscapularis is recognized as a feathery, increased T2 signal, without focal gap or fluid collection. The multipennate anatomic structure of the subscapularis allows this injury to be limited to the central fibres only. Perifascial oedema is also present, best visualized by the anterior margin of subscapularis on the sagittal image (A).
3 with infraspinatus lesions. There were no myotendinous lesions reported [1] .
The musculotendinous junction of the supraspinatus is anatomically located over the center of the humeral head on coronal oblique images with the arm held in neutral position [2] , the exact location of the tear in this presented case. Although rotator cuff injuries and tendon tears are common, musculotendinous injuries are rare, with the first reported case in 1998 [3, 4] .
In general, myotendinous tears can be classified according to severity [5] : grade 1 injuries are microscopic tears, grade 2 injuries have macroscopic partial fiber disruption often associated with hematoma, and grade 3 injuries have complete disruption of the myotendinous junction [5] . It is important to distinguish grade 3 injuries from lower-grade injuries, because these high-grade injuries often require surgical correction [5] . Although surgery was performed in our presented case, repair was not possible, because irregularity and fragility of the remaining fibers at the myotendinous junction prevented adequate suture purchase.
Case 2 History
A male professional football player was injured while tackling another player. He presented with immediate shoulder pain, and an MRI was performed ( Figure 2 ).
Case 2 Diagnosis
Low-grade myotendinous junction tear subscapularis.
Case 2 Discussion
Muscle strains are common sports-related injuries. The mechanism of injury is indirect trauma as a result of muscle Figure 3 . Coronal oblique T2-weighted (TE 96 ms, TR 2920 ms) (A) and sagittal oblique T2-weighted (TE 96 ms, TR 3060 ms) (B) MRI images through the shoulder. Axial MEDIC (TE 18 ms, TR 684 ms) (C) MRI image at the level of the inferior aspect of the acromial tip (Acr). Radiograph (D): not initially presented. A displaced fracture fragment from the posterior facet of the greater tuberosity is seen (thick black arrows), with the donor site (thick white arrow) seen on the coronal image. The infraspinatus (IS) tendon is retracted but intact. Other anatomic landmarks are supraspinatus (SSp), long head of biceps tendon (LH), subscapularis (SSc), and acromion (Acr). Incidental anterior slope of the acromion accounts for its slightly unusual appearance on the axial image. stretch or sudden eccentric muscle contraction [5, 6] . Pain is immediate. Strain injuries occur at the myotendinous interface, the weak link in the contractile apparatus of patients with normal tendons, fused growth plates, and healthy underlying bones [5] . Strains represent low-grade myotendinous interface tears. As in this case, grade 1 tears are recognized as feathery, high signal intensity at the myotendinous junction on T2-weighted images [5, 6] . Although perifascial oedema is more commonly seen with highergrade tears [5] , its presence is clearly visible in this grade 1 injury.
Although muscle strains are common, to our knowledge, there has been only one prior report of a subscapularis strain in the medical literature [6] . The previous report was of a baseball player who strained his subscapularis muscle when he forcefully hit the hand of his outstretched abducted arm against the fence while attempting to catch a ball [6] .
The subscapularis has a multipennate architecture and is the most important anterior stabilizer of the glenohumeral joint [6, 7] . Although there is only a single tendon, the multipennate architecture of this muscle allows slightly different function of different portions of the muscle belly. The entire muscle is used for internal rotation of the shoulder, whereas the most cranial fibres assist with arm abduction and the inferior fibers assist with arm adduction [7] . The inferior fibres also help resist forces generated by the deltoid, with resultant depression of the humeral head [7] . This multipennate architecture and differential function of various portions of the muscle allowed for injury of only the central portion of the muscle in this case, likely because this was the portion of the muscle in most exuberant contraction during the injury.
Case 3 History
A 28-year-old male had a fall onto his right shoulder. He heard a ''crack'' at the time of the injury; there was no history of dislocation. He later had continuous pain and Figure 4 . Sagittal oblique T2-weighted (TE 105 ms, TR 2800 ms) (A), axial MEDIC (TE 18 ms, TR 668 ms) (B), and axial T1-weighted (TE 14 ms, TR 575 ms) (C) MRI images. Intramuscular oedema is seen throughout the supraspinatus (SSp) and infraspinatus (IS) muscles (white arrows) on the T2-weighted (A) and MEDIC (B) sequences, without geographic predilection for the myotendinous junction. There also is atrophy (A) and mild fatty infiltration (black arrow) (C) of the involved muscles. Subscapularis (SSc) and teres minor (TM) are also labeled for anatomic reference.
progressively decreased strength, particularly with forward elevation and external rotation. An MRI of the right shoulder was performed 2 months after the initial injury (Figure 3 , AeC). An MRI also revealed a full-thickness tear at the insertion of the more posterior fibers of supraspinatus (not shown). A radiograph is presented for correlation (Figure 3 , D).
Case 3 Diagnosis
Displaced greater tuberosity fracture, likely secondary to acromial impaction.
Case 3 Discussion
Although humeral head fractures are common injuries in the elderly population, isolated fractures of the greater tuberosity are relatively rare [8] . Isolated greater tuberosity fractures have traditionally been described as avulsion fractures of the rotator cuff, although that mechanism of injury is now under reconsideration [8] .
A series of 103 patients with radiographically visible greater tuberosity fractures was recently studied by Bahrs et al [8] . In this series, 59 fractures were part of an anterior shoulder dislocation, with 44 fractures having occurred as an isolated event, without dislocation [8] . Of the 44 fractures occurring without dislocation, only 9 were displaced by more than 1 cm, usually in an inferior direction [8] . The direction of displacement of fragments combined with assessment of mechanism of injury led Bahrs et al [8] to conclude that impingement of the greater tuberosity against the acromion at the time of injury is a more likely mechanism of injury than simple avulsion by the rotator cuff.
The nonavulsive mechanism of injury is further supported by the surgical findings in a case report of a 23-year-old patient with a greater tuberosity fracture from acromial impaction after a fall [9] . At surgery, the supraspinatus showed some tearing at the fracture fragment, however, there was no evidence of tendon stretching as is typically seen with Figure 5 . Sagittal oblique T2-weighted (TE 100 ms, TR 3171 ms) (A), axial MEDIC (TE 18 ms, TR 642 ms) (B), and axial T1-weighted (TE 14 ms, TR 410 ms) MRI images through the right shoulder. The posterior labrum is torn (thin white arrow) and an associated paralabral cyst is seen occupying both the suprascapular notch (thick grey arrow) and the spinoglenoid notch (thick white arrow). Subtle oedema is appreciated in the infraspinatus muscle belly (IS) on both the T2-weighted (A) and MEDIC (B) images, with subtle atrophy and fatty infiltration on the T1-weighted image (C). Subscapularis (SSc), supraspinatus (SSp), and teres minor (TM) are also labeled for anatomic reference. avulsion injuries [9] . This is very similar to our patient who presented with the supraspinatus tear at the edge of the fracture donor site, with the attached retracted infraspinatus tendon appearing normal, with no tearing seen.
The more typical avulsion fractures are described in a series of 24 patients with suspected acute rotator cuff injuries [1] . In this group, there were 9 nondisplaced greater tuberosity fractures, the majority of which occurred in younger patients [1] . All of the reported fractures were radiographically occult, nondisplaced, and visible on routine MR sequences [1] .
When a patient presents with an acute shoulder injury and no history of dislocation, clinicians and surgeons must consider both greater tuberosity fractures and rotator cuff tendon tears. Although the patient presented here was a poor historian, which precluded accurate reconstruction of the injury, the fracture size, retraction, and appearance of the tendons indicated that acromial impaction is a more likely mechanism than primary infraspinatus avulsion.
Case 4 History
A 23-year-old male patient presented with shoulder pain and decreased strength. The shoulder pain had started the day after working out at the gym, however, the pain and weakness were progressive over the past month. An MRI of the right shoulder was performed 12 weeks after the onset of pain (Figure 4 ). There was no evidence of rotator cuff tear.
Case 4 Diagnosis
Brachial plexus neuritis, also known as Parsonage Turner syndrome (PTS).
Case 4 Discussion
PTS is an uncommon cause of shoulder pain and weakness. Although the exact etiology is unknown, the current thinking is that PTS is a result of a viral or immunologic process [10e12]. The majority of cases occur between the third to seventh decades of life, and there is a male predominance [10e12]. Clinical presentation is typically acute onset of shoulder pain followed by weakness [10e12]. Six of 27 patients with PTS in a previous study participated in moderate nontraumatic physical activity the day before the onset of symptoms [10] , as in this presented case. Its clinical course is usually self-limited, with gradual recovery over a period of months [10e12].
Because neurogenic oedema does not appear on an MRI for up to 2 weeks, early MRI for PTS may be negative [10, 12] . Neurogenic oedema is seen as an increased T2 signal, particularly conspicuous on fat-saturated images, whereas atrophy and fatty infiltration of involved muscles is a late finding [10e12].
The most commonly involved muscles are supraspinatus and infraspinatus, with reported involvement in 88%e97% of cases [10, 12] . Indeed, these may be the only 2 involved muscles in 50% of cases [10] . Up to 50% of cases involve muscles innervated by the axillary nerve (deltoid and teres minor) [10, 12] . Other potentially involved muscles include subscapularis, latissimus dorsi, pectoralis, and the rhomboids [10, 12] .
There is no single test able to diagnose PTS, and MRI and electromyograms must be interpreted, while keeping in mind the clinical history [10] . With this in mind, a diagnosis of PTS may be suggested on an MRI when there is an oedematous signal in muscles innervated by the brachial plexus and there is no morphologic cause of entrapment neuropathy, such as a compressive mass seen [10] . There should also be no clinical history of trauma or excessive overhead activity and no alternative clinical diagnosis [10] . Rotator cuff tears, tendinosis, labral tears, and bursitis do not exclude a diagnosis of PTS [10] .
The clinical presentation of PTS may overlap with other more common causes of shoulder pain and dysfunction. As such, it is important for the radiologist to be aware of these findings, because they may be the first to suggest the diagnosis [10, 12] .
Case 5 History
A 57-year-old female presented with shoulder pain and weakness. An MRI of the right shoulder was performed ( Figure 5 ).
Case 5 Diagnosis
Labral tear with paralabral cyst, which caused infraspinatus denervation.
Case 5 Discussion
Paralabral cysts are commonly seen with a 2.3% prevalence seen during a review of more than 2000 shoulder MRI examinations [13] . The vast majority of paralabral cysts are pseudocysts formed from the extrusion of joint fluid through a labral-capsular tear into the adjacent soft tissues [13] . In patients with paralabral cysts, labral tears are identified in 53% and 88% of patients at routine MRI and at arthroscopy, respectively [13] . MRI arthrography has higher sensitivity for detecting labral tears, however, intra-articular contrast only rarely (1 of 5 patients) migrates into the cyst at MRI arthrography [13] . This lack of contrast in the cyst may make cyst identification difficult on routine MR arthrography without the acquisition of at least one T2-weighted sequence [13] .
Paralabral cysts are most commonly located adjacent to the posterior labrum [13] . When these extend medially, they may cause denervation injury secondary to mass effect. This most commonly involves the suprascapular nerve, which innervates supraspinatus and infraspinatus [13] . The suprascapular nerve is a branch of the upper brachial plexus that courses through the suprascapular notch, where it sends off several branches to innervate the supraspinatus muscle [11] . The suprascapular nerve then courses laterally and posteriorly into the spinoglenoid notch to enter the infraspinatus fossa, where it divides to innervate the infraspinatus [11] . Because the course of the suprascapular nerve is partly adjacent to the glenoid rim and labrum, paralabral cysts can potentially cause compressive neuropathy, even when they are not large [11] . If there is compression at the level of the suprascapular notch denervation, then changes will be seen in both innervated muscles, whereas compression distally in the spinoglenoid notch will only affect the infraspinatus. Denervation injury may also involve teres minor if an inferior paralabral cyst has mass effect on the axillary nerve [13] . As detailed in the discussion of PTS, neurogenic oedema causes an increased T2 signal in affected muscles, with atrophy and fatty infiltration seen as a potential late finding.
Armed with the above knowledge, the radiologist should make a careful search for associated neurogenic oedema and labral tears whenever a paralabral cyst is identified on shoulder MRI. Labral evaluation may include MR arthrography when appropriate. In addition, paralabral cysts should be carefully sought for in the presence of neurogenic oedema of the rotator cuff.
Case 6 History
A 47-year-old male experienced sudden onset of pain in the anteromedial aspect of the right knee when he arose from Figure 8 . Axial MEDIC (TE 18 ms, TR 835 ms) (A), sagittal PD FS (TE 27 ms, TR 3790 ms) (B), and coronal PD FS (TE 27 ms, TR 3480 ms) (C) MRI images through the left knee. The axial image (A) demonstrates an avulsion injury at the insertion of the medial patellar retinaculum (short grey arrow) and an acute full-thickness chondral defect of the medial patellar facet (short white arrow). The sagittal image (B) reveals a chondral intra-articular loose body (grey arrow) floating in the joint effusion within the suprapatellar bursa. The lateral femoral condyle bone marrow contusion and overlying chondral defect can be seen on both the sagittal (B) and coronal (C) images (long white arrows). Note that the ACL is intact on the coronal image, an important differential cause of acute lateral femoral condyle bone marrow contusion. a crouched position. An MRI was performed 5 weeks after the injury (Figure 6 ).
Case 6 Diagnosis
Flap tear medial meniscus.
Case 6 Discussion
Unfortunately, there is no uniformly accepted classification system for meniscal tears [14] . Generally, meniscal tears can be classified with a combination of 2 main descriptors: the direction of the tear and the pattern of displaced fragments [14] . Basic directional tears include longitudinal vertical, longitudinal horizontal, and radial, whereas patterns of displacement include no displacement, bucket-handle tears, flap tears, and parrot-beak tears [14] .
Meniscal tears with partly detached, displaced fragments are defined as unstable meniscal tears [15] . The displaced fragments may migrate inwardly and involve the intercondylar notch (bucket-handle tears) or outwardly into the meniscal recesses between the capsule and femoral condyles (superior meniscal recesses) or the meniscal recesses between capsule and the tibial plateaus (inferior meniscal recesses) [15] . Anatomically, a flap tear of the meniscus is defined as a short segment horizontal tear with either superior or inferior displacement [14] .
In a recent study on MRI with arthroscopic correlation for displaced meniscal tears, the specificity and the sensitivity of the initial reading of an MRI for meniscal tears with partly displaced recess fragments was 71% and 98%, respectively, compared with 96% and 84%, respectively, for all torn menisci [15] . Retrospective MRI analysis evaluated several specific MRI findings for meniscal flap tears [15] . Specificity of direct visualization of a fragment within the recess was Figure 9 . Sagittal PD FS (TE 27 ms, TR 3790 ms) MRI images through the intercondylar notch (A) and lateral aspect (B and C) of the left knee. A joint effusion is seen, most prominent in the suprapatellar bursa. There also is a complete tear of the ACL (thin grey arrows), with characteristic bone marrow oedema in the lateral femoral condyle and posterior tibial plateau (white arrows), and a tear of the anteroinferior popliteomeniscal fascicle (short grey arrows). The superior popliteomeniscal fascicle and lateral meniscus were intact. between 94% and 98% on all 3 imaging planes, with sensitivity ranging between 21% on sagittal and 57% on coronal images [15] . An absent bow-tie sign on sagittal images had 64% sensitivity and 76%e77% specificity [15] .
The radiologist must be aware of meniscal flap tears and make a careful search for partly detached fragments on knee MRI. Prospective identification of a meniscal flap tear may influence the decision to surgically treat a meniscal tear, because these tears are considered unstable and are more likely to be successfully treated at arthroscopy than simple cleavage tears [15] . In addition, failure of identification of a displaced meniscal fragment at arthroscopy is a wellrecognized cause of poor outcome after surgery [15] .
Case 7 History
A 26-year-old male marathon runner presented with knee pain. The knee pain started while running a marathon and had progressed such that he was no longer able to run. An MRI was performed 3 months after the inciting event ( Figure 7 ).
Case 7 Diagnosis
Iliotibial tract friction syndrome (ITTFS).
Case 7 Discussion
ITTFS is a cause of lateral knee pain secondary to intense physical activity, most commonly seen in long-distance runners, cyclists, and American football players [16, 17] . Pain occurs in the lateral aspect of the knee and is greatest at 30 of flexion [17] .
There is a complex anatomic relationship between the iliotibial tract (ITT) and other lateral structures of the knee.
Although a normal lateral synovial recess is typically anterior to the ITT, the course of the ITT is over the lateral femoral condyle, the lateral collateral ligament, and the popliteus tendon [16] . In healthy individuals, there is a thin layer of fatty tissue between the ITT and the lateral femoral condyle, with no bursa evident [16] .
The most common MRI finding in ITTFS is an ill-defined oedematous signal in the fat tissues deep to the ITT [16] . A fluid collection, anatomically thought to represent an adventitial bursa, may be seen interposed between the lateral femoral condyle and the ITT [16, 17] . A joint effusion and subjective thickening of the ITT may be present [16, 17] . An oedematous signal change superficial to the ITT is seen in very few patients [16] .
Although ITTFS is commonly diagnosed clinically and responds to conservative management, there may be an overlap of symptoms with other causes of knee pain. It is important for the radiologist to be aware of this condition and to consider it when evaluating patients with lateral knee pain, particularly if oedematous change is seen deep to the ITT.
Case 8 History
A 17-year-old male had a twisting injury to the left knee while trying to remove his foot from some wet mud. An MRI was performed 3 months after the injury (Figure 8 ). He also had experienced a similar twisting injury 2 years earlier while playing hockey.
Case 8 Diagnosis
Lateral patellar dislocation with acute chondral injury from both the medial patellar facet and the lateral femoral condyle. Figure 10 . Sagittal PD FS (TE 27 ms, TR 3790 ms) (A) and axial MEDIC (TE 18 ms, TR 790 ms) (B) MRI images through the right knee. Patella alta is seen and the patellar tendon is partly anterior to the lateral femoral condyle, secondary to the tibial external rotation described in the history. In addition, there is a lobulated fluid filled adventitial bursa (white arrow) between the laterally located patellar tendon and the lateral femoral condyle.
Case 8 Discussion
The most common mechanism of acute lateral patellar dislocation is during an athletic event when there is internal rotation of the femur on a fixed tibia with the knee held in a degree of flexion [18, 19] . The athlete usually subsequently falls to the ground, where the patella spontaneously reduces during extension of the knee [18, 19] . If the patellar dislocation is undetected before relocation, then the twisting mechanism of injury may clinically overlap with that seen in anterior cruciate ligament (ACL) tears [18] . After an initial injury, the patient may be at risk for recurrent patellar dislocations [18] .
MRI findings of acute patellar dislocation include joint effusion, osteochondral injuries to both the patella and lateral femoral condyle, and medial patellar retinacular injury [18] . Osteochondral injuries may occur either during dislocation or relocation of the patella [18, 19] . During the dislocation phase, shearing forces result in injury as the patella crosses over the lateral femoral condyle, with the osteochondral injury typically involving the posterior-central portions of the patella and the lateral aspect of the femoral trochlea [19] . During the relocation phase, the medial pole of the patella strikes against the nonarticular lateral femoral condyle, with the impact potentially causing osteochondral injuries at these locations [19] .
Osteochondral injuries are more commonly seen involving the lateral femoral condyle than the medial patellar facet after patellar dislocation [18] . A patellar osteochondral defect is typically on its inferior-medial aspect, whereas the location of the lateral femoral condyle injury is more variable [18, 19] . The lateral femoral condyle bone bruise is usually located more anteriorly than that seen with an ACL injury [18] , with more posteriorly located bone bruises occurring when the knee is in a greater degree of flexion at the time of injury [18, 19] . The lateral femoral condyle osteochondral injury occurs at the posterior margin of the lateral femoral condyle bone bruise [19] .
Because both mechanism of injury and lateral femoral condyle bone bruise appearance may overlap with that seen in ACL injuries, it is important for the radiologist to be aware of the MRI findings after lateral patellar dislocation.
Case 9 History
A 17-year-old female had a left knee injury while playing soccer. She experienced a pivot-shiftetype injury and heard a pop, with immediate pain and swelling. An MRI was performed 3 weeks later ( Figure 9 ).
Case 9 Diagnosis
Complete tear ACL and anteroinferior meniscopopliteal fascicle.
Case 9 Discussion
An ACL injury is very common in knee trauma, estimated to comprise 40% of knee-ligament injuries [20] . MRI findings of ACL tear are well described elsewhere and include both direct and indirect findings [20] . There are several mechanisms of ACL injury that can help determine associated injuries.
Bone bruises, perhaps histologically more correctly referred to as bone marrow oedema patterns, are common secondary findings of an ACL injury seen in 73% of patients imaged within 9 weeks of injury [20] . Although the exact location depends on specific knee positioning at the time of injury, characteristic patterns are seen [20] . As in the current case, the most common locations for bone bruises in an ACL tear are the posterior-lateral tibial plateau and mid portion of the lateral femoral condyle [20] .
Meniscal injuries are common in patients with ACL tears, with acute injuries more commonly involving the lateral than the medial meniscus [20] . Because of varying mechanisms of ACL injury, the precise location of the meniscal injury will vary. In cases of anterolateral rotation, there is a predilection for injury of the posterior horn of the lateral meniscus and popliteomeniscal fascicles [20] .
The popliteomeniscal fascicles (also known as ligaments and struts) are located in the posterolateral corner of the knee and are intimate with the popliteus muscle and tendon [21] . These struts are hypothesized to both stabilize and assist with motion of the posterior horn of the lateral meniscus [21, 22] . Detailed anatomic descriptions divide the popliteomeniscal fascicles into 3 structures: the posterosuperior fascicle, the more medially located posteroinferior fascicle, and the laterally located anteroinferior fascicle [21] . In a previous study of routine knee MRIs in 66 patients with surgically proven intact lateral menisci, both superior and inferior fascicles were seen in 64 patients (97%), more reliably visualized on T2-weighted images [22] .
An abnormal superior popliteomeniscal fascicle on MRI is strongly associated with tears of the lateral meniscus [23] . Including a torn superior popliteomeniscal fascicle with conventional findings of meniscal tears can increase sensitivity for a meniscal tear from 89% to 94% [22] . To our knowledge, there is no similar study on the degree of association between inferior popliteomeniscal fascicle abnormalities and meniscal tears. As in the presented case, popliteomeniscal ligament tears are known to be associated with ACL injury [21] .
This case illustrates the importance of carefully evaluating the popliteomeniscal fascicles on MRI, particularly when associated findings indicate a high likelihood of lateral meniscal tears. A 27-year-old female presented with chronic patellofemoral pain and crepitus in the right knee, which had become worse over the past 2 years. There is no history of trauma. An MRI was performed (Figure 10 ). In addition to the presented images, there was 12 external rotation of the tibia relative to the femur.
Case 10 Diagnosis
Patellar tendon lateral femoral condyle fat pad impingement with adventitial bursa formation.
Case 10 Discussion
Patellofemoral arthralgia is very common and encompasses a diverse collection of conditions that may cause pain at the patellofemoral joint [24] . Although patellar tendon lateral femoral condyle fat pad impingement is rarely included in the radiologic literature, it is a clinically recognized entity amenable to conservative management [24] . Clinical presentation includes anterior knee pain exacerbated by hyperextension with focal tenderness at the inferior pole of the patella [24, 25] . Soft-tissue swelling may also be present [24, 25] .
In a review of MRI findings in 42 patients with patellar tendon lateral femoral condyle fat pad impingement syndrome, the following features were observed in the anterolateral soft tissues: oedematous change in the lateral portion of the infrapatellar fat body (40 patients), lobulated fluid collection between the lateral femoral condyle and the lateral patellar retinaculum (18 patients) [24] . Patellar alignment abnormalities were also commonly seen, including patella alta (33 patients) and lateral patellar subluxation (4 patients) [24] . Nonspecific bone marrow oedema and chondral abnormalities were also seen in the patella [24] . In all cases in which intravenous gadolinium contrast was given, focal enhancement was seen in the infrapatellar fat [24] .
In our experience, isolated oedematous changes in the infrapatellar fat pad between the patellar tendon and the lateral femoral condyle, particularly on fat-saturated images, occur with a frequency greater than expected to be specific for patellar tendon lateral femoral condyle fat pad impingement syndrome. When allowing for this, the radiologist should consider this diagnosis when an appropriate clinical history is combined with patellar tracking abnormalities or the presence of an adventitial bursal fluid collection.
Case 11 History
A 53-year-old female presented with recurrent left knee pain of a 10-month duration, which limited her walking. An MRI was performed (Figure 11 ).
Case 11 Diagnosis
Myotendinous tear medial head gastrocnemius, also known as tennis leg.
Case 11 Discussion
The gastrocnemius is the most superficial muscle in the calf and arises via 2 heads from the posterior surface of the femur, just proximal to the femoral condyles. The gastrocnemius inserts via the Achilles tendon, along with the soleus tendons, on the calcaneus. Partly because of the course of the gastrocnemius across 2 joints, it is prone to tearing [26] .
Tears of the medial head of the gastrocnemius may be isolated or associated with tears of plantaris [26, 27] and soleus [26] . Strain injuries are classically referred to as ''tennis leg'' because of their association with this sport [26] , although injury can occur with a variety of sporting activities [27] . Tennis leg may also be seen in the middle-aged and elderly patients involved in routine activities, such as stair climbing or running to catch the bus [27] . Although the pathogenesis of tennis leg is controversial because of its conservative management [27] and consequent lack of imaging, the dominant theory implicates tears of the medial head of the gastrocnemius [27] . However, it should be noted that isolated tears of plantaris or combined injuries may also be causes of tennis leg [27] . Treatment is generally conservative, with surgical intervention reserved for refractory cases [27] .
Although imaging is often not obtained because the diagnosis is clinical, with a conservative management plan, symptoms may overlap with other causes of medial knee pain. As such, it is important for the radiologist to be aware of this condition, and careful examination of regional muscles should be emphasized when interpreting routine knee MRI examinations.
Case 12 History
Two separate patients presented for ankle MRI as follows: a 34-year-old female, for investigation of a possible osteochondral defect ( Figure 12A) , and a 43-year-old male, for investigation of possible medial ankle mass (Figure 12BeD ).
Case 12 Diagnosis
Accessory muscles of the ankle: flexor digitorum accessorius longus (A), peroneus quartus and accessory soleus (BeD).
Case 12 Discussion
Muscle anatomic variants are commonly encountered in cross-sectional imaging, with accessory muscles representing distinct muscles above the normal compliment [28] . Accessory muscles are often incidental and asymptomatic. However, they may also be symptomatic because of mass effect, presenting as either a palpable mass or with compression on other regional structures [28, 29] .
Because these are muscles, they image with the same signal characteristics as normal musculature. The key to imaging identification is familiarity with normal anatomy and careful inspection, particularly on axial images. Knowledge of these entities helps radiologists search for causes of potential compressive symptomatology and avoid labeling these anatomic variants as tumours or other worrisome entities.
Peroneus quartus is the most commonly encountered accessory muscle of the foot and ankle. Although reported incidence varies based on the exact definition used and imaging modality, the incidence of peroneus quartus has been reported as 10% on MRI and 22% on ultrasound [28] . Peroneus quartus usually originates from peroneus brevis and runs posterior and medial to the peroneus brevis and longus muscles and tendons. The insertion is variable and may be on the calcaneus (most common), cuboid, peroneus longus, inferior peroneal retinaculum adjacent to the retrotrochlear eminence or 5th metatarsal and phalanxes [28, 29] . Although usually incidental and asymptomatic, it can also cause lateral ankle pain or instability [28] . Mass effect from this accessory muscle has also been implicated on longitudinal tearing or subluxation of the peroneal longus and brevis tendons [28, 29] . On MRI, the muscle belly is separated from peroneal longus and brevis, and the muscle may extend into the retromalleolar region as in the presented case.
Flexor digitorum accessorius longus (FDaL) is the second most common accessory muscle of the ankle with a reported incidence of 2%e8% [28, 29] . The origin is variable, most commonly from the medial margin of the tibia but potentially from any structure in the posterior compartment [28, 29] . The FDaL runs posterior and superficial to the tibial nerve, extends through the tarsal tunnel, and distally inserts on either the flexor digitorum longus tendon or the lateral head of the quadratus plantae muscle [28, 29] . FDaL may have a fleshy muscle belly within the tarsal tunnel, a fact that both aids in its diagnosis on MRI and potentially predisposes patients to tarsal tunnel syndrome [28, 29] . Accessory soleus has a reported incidence of 0.7%e5.5%, with symptomatic presentation typically in men in the second to third decade of life [28, 30] . Origin may be from the posterior tibia, proximal fibula, soleus, or other flexor muscles and tendons [28e30] . The muscle descends anterior or anteromedial to the Achilles tendon. Although the signal typically parallels muscle, an abnormal signal may be visible at MRI in cases of hematoma or ischemia [28, 29] . Insertion is variable, including on the Achilles tendon or via fleshy (as in this case) or tendinous attachment on the superior or medial calcaneus [28] . Although accessory soleus is usually incidental and asymptomatic, patients may present with a suspected mass [28e30], as in the above case. In addition, the muscle is contained in its own fascia, which can lead to painful presentation because of localized compartment syndrome, a condition that may respond to fasciotomy [28e30] . An association with tarsal tunnel syndrome has been noted because of mass effect on the adjacent tibial nerve, even though the accessory soleus muscle lies outside of the tarsal tunnel [28] .
